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(57) ABSTRACT 

To provide an improved perpendicular magnetic recording 
medium Suitable for high density magnetic recording. 

In a perpendicular magnetic recording medium comprising 
a perpendicular magnetic layer and protective layer provided 
on a non-magnetic Substrate via a Soft magnetic backlayer, 
a polycrystalline MgO film is inserted between the soft 
magnetic backlayer and perpendicular magnetic layer. 

8 Claims, 2 Drawing Sheets 
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PERPENDICULAR MAGNETIC RECORDING 
MEDIUMAND MAGNETIC RECORDING 

APPARATUS 

This is a continuation of application No. 09/610,455 filed 
Jul. 5, 2000 now U.S. Pat. No. 6,562,453, the content of 
which is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a magnetic recording medium 

comprising a magnetic layer Suitable for high density mag 
netic recording, and to a magnetic recording apparatus using 
this medium. 

2. Description of the Related Art 
Magnetic disk apparatuses currently in use employ the 

in-plane magnetic recording method. In this method, there is 
a technical problem in forming an in-plane magnetic domain 
parallel to a Substrate on an in-plane magnetic recording 
medium which is easily magnetized in a direction parallel to 
the disk Substrate Surface. In in-plane recording, as the 
magnetizations are adjacent to each other in mutually oppo 
Site directions, the thickness of the recording layer must 
decrease as the coercivity of the layer is increased So as to 
extend the linear recording density. Due to thermal fluctua 
tions when the thickness of the recording layer decreases, 
the intensity of recorded magnetization decreases and in 
extreme cases, the recorded information may be lost. Also, 
in the in-plane recording method, if Co alloy is used for the 
recording layer as in the prior art, it is difficult to achieve an 
areal recording density of not less than 20 Gb/inf. 

In the perpendicular magnetic recording method, magne 
tizations are perpendicular to the Surface of a film medium, 
So the magnetic recording principle and the mechanism 
whereby noise arises from the medium differs from the case 
of prior art in-plane magnetic recording media. Due to the 
fact that magnetizations are in complementary directions, 
this method is Suitable for high density magnetic recording. 
It is therefore becoming more common and various struc 
tures have been proposed for media Suitable for perpendicu 
lar magnetic recording. A method is presently been Studied 
where a non-magnetic base material is provided between a 
perpendicular magnetized layer of Co alloy and a Substrate 
to improve the perpendicular orientation characteristics of 
the perpendicular magnetized layer. For example, in JP-A 
No. S58-77025 and No. S58-141435, a method is disclosed 
for forming a Ti film as the base layer of a Co-Cr magnetic 
layer, in JP-A No. S60-214417, a method is disclosed using 
Ge or Si as the base layer, and in JP-A No. S60-064413, 
oxide base layer materials such as CoO and NiO are used. 

These Single-layered perpendicular magnetic recording 
media comprising a single perpendicular magnetic layer 
employ a thin film ring head for recording. 

To improve the recording efficiency of perpendicular 
magnetic recording, it is effective to combine a Single pole 
type of recording head with a perpendicular magnetic 
recording medium having two magnetic layers. A medium 
wherein a Soft magnetic layer of permalloy or Co alloy is 
provided between the Substrate and the perpendicular mag 
netic layer has been Studied as an example of a bi-layered 
perpendicular magnetic recording medium. However, in 
bi-layered perpendicular magnetic recording media, the 
intensity of perpendicular magnetic anisotropy of the record 
ing magnetic layer was inadequate compared to Single 
layered perpendicular magnetic recording media. 

If a perpendicular magnetic recording medium is to 
achieve high density recording of 20 Gb/in or more, the 
linear recording density resolution must be high, the noise 
due to the medium must be low, and recording must be 
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2 
performed efficiently by a thin film head. For this purpose, 
the perpendicular magnetic layer must have a fine magnetic 
crystal grain, the perpendicular magnetic anisotropy must be 
increased, and the recording magnetic field of the magnetic 
head must effectively penetrate inside the medium. 

BRIEF SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide a 
perpendicular magnetic recording medium which has high 
resolution So as to achieve a high recording density of 30 
Gb/in, has low noise characteristics, and permits a high 
density magnetic recording apparatus to be easily con 
Structed. 

Perpendicular magnetic recording media which offer high 
recording efficiency by a magnetic head are bi-layered 
perpendicular magnetic recording media. According to this 
invention, to achieve the aforesaid object, a Super-thin MgO 
film is introduced between a Soft magnetic backlayer formed 
on a Substrate and a Co alloy perpendicular magnetic layer 
having a hexagonal close-packed Structure. To ensure that 
the object of this invention is achieved, a Super-thin non 
magnetic film of a special material is formed in the lower 
part and/or upper part of the MgO film. 
The Soft magnetic backlayer used in the bi-layered per 

pendicular magnetic recording medium is generally a poly 
crystalline film having a permalloy of Ni or the like as its 
main component, a polycrystalline film like Sendust having 
Fe as its main component, or a Co alloy Such as Co-Nb 
Zr. When the perpendicular magnetic layer of Co alloy is 
formed directly on this Soft magnetic backlayer, in the initial 
growth State of the thin film, it contains an initial growth 
layer which is undesirable for a perpendicular magnetic 
layer wherein the crystal growth is random. As a result, there 
is a decrease of perpendicular magnetic anisotropy, and the 
magnetic Separation between the magnetic crystal grains 
forming the perpendicular magnetic layer is insufficient, 
which leads to a decrease of coercivity or increase of noise. 
The inventors found that the introduction of the Super-thin 

film of MgO between the soft magnetic back layer and the 
perpendicular magnetic layer comprising Co alloy was 
effective in dealing with this problem. When the MgO film 
is formed on the Soft magnetic backlayer having an amor 
phous Structure, MgO microcrystalline grains are formed 
wherein the (100) plane is substantially parallel to the 
Substrate, and as a result, a polycrystalline MgO oriented 
film grows wherein the (100) plane is essentially disposed 
parallel to the substrate. The (100) plane of MgO is ener 
getically most stable crystallographic plane, and thus the 
(100) oriented MgO crystal grains tend to be formed when 
deposited on a flat Surface. When a Substrate has Surface 
undulations, the (100) MgO plane has a slight 
misorientation, but substantially the (100) plane is almost 
parallel to the substrate surface. When the perpendicular 
magnetic layer of Co alloy is formed on this oriented film, 
magnetic crystal grains grow having a hexagonal close 
packed Structure with an easily magnetization 0001 axis 
perpendicular to the Substrate, and perpendicular magnetic 
anisotropy therefore increases. 
The thickness of the MgO film required to produce this 

effect is 1 nm or greater. If the thickness of the MgO film is 
made too large, the distance between the Soft magnetic 
backlayer and perpendicular magnetic layer increases, So 
recording efficiency when recording is performed by a 
magnetic head decreases. The linear recording density 
required to achieve an areal recording density of 30 Gb/in 
or more is at least 300 kFCI, and to increase the efficiency 
of the recording head at this high linear recording density, 
the gap between the two magnetic films must not exceed 20 

. 
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Also, the crystal grains of the MgO film become larger the 
more the film thickness increases. The magnetic crystal 
grains which grow on these crystal grains are affected by the 
MgO crystal grain diameter. Hence the diameter of the 
crystal grains forming the magnetic film, which is the 
medium on which magnetic recording is performed at high 
density, must not exceed 20 nm but preferably does not 
exceed 15 nm, and it is preferable that the thickness of the 
MgO film is less than 13 nm. 
When the Soft magnetic backlayer has a polycrystalline 

Structure, and even when it has an amorphous structure, it is 
effective to introduce a Super-thin non-magnetic layer 
between the soft magnetic backlayer and MgO film to 
improve the (100) orientation characteristics of the MgO 
polycrystalline film. For this purpose a non-magnetic layer 
having an amorphous structure is particularly desirable. 
Materials which exhibit this desirable effect in the region 
when the film thickness does not exceed 10 nm are Ti, Zr, 
Hf, Cr, Mo, Nb, V, W, Si, Ge, B, C or alloys having these 
elements as their main component, or oxides chosen from 
the group SiO, Al-O and ZrO2. If the MgO film is formed 
via the film of this non-magnetic material, its (100) orien 
tation characteristics are largely improved. 

The perpendicular magnetic layer of Co alloy may be 
formed on the (100) oriented MgO polycrystalline film, but 
to further promote noise reduction of the magnetic recording 
medium, it is effective to provide a Super-thin non-magnetic 
layer having a hexagonal close-packed Structure of Several 
nm or less on the MgO film. By interposing this non 
magnetic layer, the magnetic Separation between magnetic 
crystals of the Co alloy perpendicular magnetic layer is 
particularly enhanced in the initial growth region. AS both of 
these have the same hexagonal close-packed Structure, epi 
taxial growth occurs wherein the crystal lattice grows con 
tinuously. This epitaxial growth is also effective in reducing 
crystal defects in the magnetic film and in achieving a 
desirable coercivity. 

Examples of materials having a hexagonal close-packed 
structure with this effect are Co-Cr, Co-Cr-X (X=Mn, 
V, Zr, Hf, Nb, Mo, W, Si, B, Ta, Cu) where the addition 
amount of the non-magnetic element to Co exceeds 30 at %, 
or Ru, Ru-Y alloy (Y=Mn, Cr,Al, Cu), Ti, or Ti-Z alloy 
(Z=Co, Ni, Mn, Cu, Al). 

In any case, for the magnetic recording medium to permit 
a recording density of 30 Gb/in, the distance between the 
Soft magnetic backlayer and the perpendicular magnetic 
layer comprising Co must not exceed 20 nm. The thickneSS 
of the MgO film in this case is in the range 1 nm to 15 nm, 
but more preferably less than 13 nm. Further, the perpen 
dicular magnetic layer comprising Co is formed on the (100) 
oriented polycrystalline MgO film directly or via a non 
magnetic layer having a hexagonal close packed Structure, 
but perpendicular magnetic layerS having other crystalline 
Structures may also be formed on the perpendicular mag 
netic layer if necessary. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

FIG. 1 is a cross-sectional Schematic view of one example 
of a perpendicular magnetic recording medium according to 
this invention. 

FIG. 2 is a croSS-Sectional Schematic view of another 
example of a perpendicular magnetic recording medium 
according to this invention. 

FIG. 3 is a cross-sectional Schematic view of another 
example of a perpendicular magnetic recording medium 
according to this invention. 

FIG. 4 is an outline view of the construction of a magnetic 
Storage apparatuS. 
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4 
DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Some embodiments of this invention will now be 
described referring to the appended drawings. 
Embodiment 1 
A perpendicular magnetic recording medium having the 

cross-sectional structure shown in FIG. 1 was fabricated by 
magnetron Sputtering using a glass Substrate of diameter 2.5 
inch. After forming a layer 12 for Strengthening the adhesion 
force on a Substrate 11, a Soft magnetic backlayer 13, MgO 
film 14, perpendicular magnetic layer 15 and protective 
layer 16 were formed. A Cr target was used for the layer 12 
for strengthening adhesion force, a Co-8 at % Nb-4 at % Ta 
target was used for the Soft layer 13, a MgO target was used 
for the MgO film 14, a Co-20 at % Cr-10 at % Pt-1.5 at % 
Ta target was used for the perpendicular magnetic layer 15, 
and a carbon target was used for the protective layer. The Cr 
film of 20 nm-thickness, the Co-Nb-Ta film of 200 
nm-thickness, the MgO film of 10 nm-thickness, the 
Co-Cr-Pt-Ta perpendicular magnetic layer of 25 
nm-thickness, and the carbon layer of 5 nm-thickness were 
formed respectively. An Ar gas pressure of 3 mTorr for 
sputtering, sputter power of 10W/cm, and substrate tem 
perature of 280 C. were used. 
When the Structure of this perpendicular magnetic record 

ing medium was examined by a transmission electron micro 
scope and X-ray diffraction, it was found that the MgO film 
was a (100) oriented film with an average crystal grain 
diameter of 8 nm, and the Co-Cr-Pt-Ta perpendicular 
magnetic layer grew epitaxially on the MgO crystal grains 
with the 0001 orientation as the preferred growth orienta 
tion. 
AS a comparison Sample 1, the perpendicular magnetic 

recording medium was fabricated without an MgO film, and 
as a comparison Sample 2, a single layer magnetic recording 
medium was fabricated without the Soft magnetic backlayer. 
A Single pole type thin film head was used for recording on 
the bi-layered perpendicular magnetic recording medium, 
and a head having a gap length of 0.2 um was used for 
recording on the Single-layered perpendicular magnetic 
recording medium. A giant magneto-resistance (GMR) head 
having a head Shield gap of 0.15 um was used for 
reproduction, the Spacing between the head and medium 
Surface during measurements being 0.015 um. To evaluate 
the characteristics, the recording resolution, reproduction 
output at low recording density, S/N of the medium and the 
magneto-motive force of the writing head required for 
Saturation recording were measured. Recording resolution 
was measured by the output half recording density (Dso) 
which is half the low frequency reproduction output, repro 
duction output was measured by the value of the reproduc 
tion output relative to comparison Sample 2 when recording 
was performed at 10 kPCI, and the S/N of the medium was 
measured by the value of S/N relative to comparison sample 
2 when magnetic recording was performed at 300 kFCI. 
These results are shown in Table 1. 

TABLE 1. 

Magneto 
motive force 

S/N of of writing 
Reproduction medium head 

Resolution Output (relative (relative 
Sample D.so (kFC1) (relative value) value) value) 
This 268 2.3 1.4 O.21 
invention 
Comparison 230 1.7 O.8 O34 
sample 1 
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TABLE 1-continued 

Magneto 
motive force 

S/N of of writing 
Reproduction medium head 

Resolution output (relative (relative 
Sample Ds (kFC1) (relative value) value) value) 

Comparison 255 1.O 1.O 1.O 
sample 2 (Comparison (Comparison (Comparison 

value) value) value) 

The magnetic recording medium in this embodiment has 
a greatly improved recording resolution and medium S/N 
compared to comparison Sample 1, and the low density 
reproduction output and writing head magneto-motive force 
are also largely improved compared to comparison Sample 2. 
A 2.5 inch magnetic recording apparatus was manufac 

tured using the magnetic recording medium fabricated in 
this embodiment, and using a GMR head of track width 0.32 
tim for recording with a Single pole type thin film head of 
track width 0.4 um as reproducing element. An error rate of 
10 was obtained at an areal recording density of 30 Gb/in, 
and it was confirmed that the apparatus functions as a Super 
high-density magnetic recording apparatus. 
Embodiment 2 
A perpendicular magnetic recording medium having the 

cross-sectional structure shown in FIG. 2 was fabricated by 
magnetron Sputtering using a glass Substrate of diameter 2.5 
inch. After forming a layer 22 for Strengthening the adhesion 
force on a Substrate 21, a Soft magnetic backlayer 23, Seed 
layer 24, MgO film 25, perpendicular magnetic layer 26 and 
protective layer 27 were formed. AZr target was used for the 
layer 22 for strengthening adhesion force, a Fe-8 at % Si-3 
at % Al target was used for the soft layer 23, a Hf target was 
used for the seed layer 24, a MgO target was used for the 
MgO film 25, a Co-21 at % Cr-8 at % Pt-2 at % Nb target 
was used for the perpendicular magnetic layer 26, and a 
carbon target was used for the protective layer 27. The Zr 
film of 20 nm-thickness, the Fe-Si-Al film of 400 
nm-thickness, the Hf film of 3 nm-thickness, the MgO film 
of 12 nm-thickness, the Co-Cr-Pt-Nb perpendicular 
magnetic layer of 25 nm-thickness, and the carbon layer of 
5 nm-thickness were formed respectively. An Argas pres 
sure of 3 mTorr for sputtering, sputter power of 10W/cm’, 
and substrate temperature of 300° C. were used. 
When the Structure of this perpendicular magnetic record 

ing medium was examined by a transmission electron micro 
scope and X-ray diffraction, it was found that the MgO film 
was a (100) oriented film with an average crystal grain 
diameter of 10 nm, and the Co-Cr-Pt-Nb perpendicular 
magnetic layer grew epitaxially on the MgO crystal grains 
with the 0001 orientation as the preferred growth orienta 
tion. Next, perpendicular magnetic recording media of iden 
tical Structure were fabricated excepting that a Ti, Zr, Cr, 
Mo, Nb, V, W, Si, Ge, B, C, SiO, Al-O or ZrO target was 
used to form the Seed layer. 
AS a comparison Sample, the perpendicular magnetic 

recording medium was fabricated under identical conditions 
without the MgO film. The recording and reproduction 
characteristics of these perpendicular magnetic recording 
media were measured under the following conditions. A 
Single pole type thin film head was used for recording, and 
a great magnetic resistance (GMR) head having a head 
Shield gap of 0.15 um was used for reproduction, the spacing 
between the head and medium Surface during measurements 
being 0.015 um. To evaluate the characteristics, the record 
ing resolution, reproduction output at low recording density 
and S/N of the medium were measured. Recording resolu 
tion was measured by the output half recording density (Dso) 
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6 
which is half the low frequency reproduction output, repro 
duction output was measured by the value of the reproduc 
tion output relative to the comparison Sample when record 
ing was performed at 10 kFCI, and the S/N of the medium 
was measured by the value of S/N relative to the comparison 
Sample when magnetic recording was performed at 300 
kFCI. These results are shown in Table 2. 

TABLE 2 

Reprodution 
Seed Resolution output S/N of medium 

Sample No. layer (Dsok:FC1) (relative value) (relative value) 
1. Hf 265 6 3 
2 T 255 5 5 
3 Zr 275 4 .4 
4 Cr 251 8 3 
5 Mo 245 5 .4 
6 Nb 251 6 .6 
7 V 261 5 .4 
8 W 244 9 3 
9 Si 269 7 7 
1O Ge 265 7 7 
11 B 261 9 .9 
12 C 238 2 .2 
13 SiO2 252 6 .6 
14 Al2O3 250 5 5 
15 ZrO2 265 5 5 

Comparison Hf 210 O O 
Sample (Comparison (Comparison 

reference) reference) 

The magnetic recording medium in this embodiment 
shows greatly improved recording resolution and medium 
S/N compared to the comparison Sample. 
Embodiment 3 
A perpendicular magnetic recording medium having the 

cross-sectional structure shown in FIG. 3 was fabricated by 
magnetron Sputtering using a glass Substrate of diameter 2.5 
inch. After forming a layer 32 for Strengthening the adhesion 
force on a Substrate 31, a hard magnetic layer 33 and Soft 
magnetic layer 34 as Soft magnetic backlayer, Seed layer 35, 
MgO film 36, non-magnetic film 37 of a material having a 
hexagonal close-packed Structure, perpendicular magnetic 
layer 38 and protective layer 39 were formed. A Cr-10 at % 
Zr target was used for the layer 32 for Strengthening adhe 
sion force, a Fe-35 at % Pt target was used for the hard layer 
33, a Ni-16 at % Fe-3 at %. Mo target was used for the soft 
layer 34, a Ge-35 at % Si target was used for the seed layer 
35, a MgO target was used for the MgO film 36, a Co-28 at 
% Cr-8 at % Mn target was used for the non-magnetic film 
37 of material having a hexagonal close-packed Structure, a 
Co-21 at % Cr-8 at % Pt-2 at % Nb target was used for the 
perpendicular magnetic layer 38, and a carbon target was 
used for the protective layer. The Cr-Zr film of 20 
nm-thickness, the Fe-Pt film of 10 nm-thickness, the 
Ni-Fe-Mo film of 150 nm-thickness, the Ge-Si film of 
5 nm-thickness, the MgO film of 8 nm-thickness, the 
Co-Cr-Mn film of 6 mm-thickness, the Co-Cr-Pt-Nb 
perpendicular magnetic layer of 25 nm-thickness, and the 
carbon layer of 5 nm-thickness were formed respectively. An 
Argas pressure of 3 mTorr for Sputtering, Sputter power of 
10W/cm, and substrate temperature of 300° C. were used. 
When the Structure of this perpendicular magnetic record 

ing medium was examined by a transmission electron micro 
scope and X-ray diffraction, it was found that the MgO film 
was a (100) oriented film with an average crystal grain 
diameter of 8.7 nm, and the Co-Cr-Pt-Nb perpendicular 
magnetic layer grew epitaxially on the MgO crystal grains 
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via the non-magnetic film 37 of material having a hexagonal 
close-packed structure, with the 0001 orientation as the 
preferred growth orientation. 

Next, perpendicular magnetic recording media of identi 
cal structure were fabricated excepting that a Co-33 at % Cr, 
Co-30 at % Cr-5 at % Mn, Co-30 at % Cr-4 at % V, Co-30 
at % Cr-6 at % Zr, Co-30 at % Cr-4 at % Hf, Co-30 at % Cr-5 
at % Nb, Co-30 at % Cr-2 at %. Mo, Co-30 at % Cr-2 at % 
W. Co-30 at % Cr-2 at % Si, Co-30 at % Cr-3at % B, Co-30 
at % Cr-4 at % Ta, Co-30 at % Cr-6 at % Cu, Ru, Ru-10 at 
% Mn, Ru-4 at % Cr, Ru-3 at % Al, Ru-5 at % Cu, Tior Ti-6 
at % Mn target was used for the non-magnetic film of 
material having a hexagonal close-packed Structure. AS a 
comparison Sample, a perpendicular magnetic recording 
medium, comprising the perpendicular magnetic layer 38 
formed directly on the soft magnetic backlayer 34 without 
the seed layer 35, the MgO film 36, and the non-magnetic 
layer 37 of material having a hexagonal close-packed 
Structure, was fabricated under identical conditions. The 
recording and reproduction characteristics of these perpen 
dicular magnetic recording media were measured under the 
following conditions. A Single pole type thin film head was 
used for recording, and a giant magneto-resistance (GMR) 
head having a head Shield gap of 0.12 um was used for 
reproduction, the Spacing between the head and medium 
Surface during measurements being 0.014 um. To evaluate 
the characteristics, the recording resolution, reproduction 
output at low recording density and S/N of the medium were 
measured. Recording resolution was measured by the output 
half recording density (Ds) which is half the low frequency 
reproduction output, reproduction output was measured by 
the value of the reproduction output relative to the compari 
Son Sample when recording was performed at 10 kFCI, and 
the S/N of the medium was measured by the value of S/N 
relative to the comparison Sample when magnetic recording 
was performed at 300 kFCI. These results are shown in 
Table 3. 

TABLE 3 

Material having 
a hexagonal Resolution 

Sample No. close-packed structure (Dso:kFCI) (relative value) 

1. Co-28 at %, Cr-8 at % Mn 261 .6 
2 Co-33 at %, Cr 253 5 
3 Co-30 at %, Cr-5 at % Mn 247 .4 
4 Co-30 at %, Cr-4 at % W 245 5 
5 Co-30 at %, Cr-6 at % Zr 245 5 
6 Co-30 at %, Cr-4 at %, Hf 253 .6 
7 Co-3O at %, Cr-5 at % Nb 241 5 
8 Co-30 at %, Cr-2 at %. Mo 241 .4 
9 Co-30 at %, Cr-2 at % W 260 3 
1O Co-30 at %, Cr-2 at % Sl 255 3 
11 Co-30 at %, Cr-3 at % B 260 .4 
12 Co-30 at %, Cr-4 at % Ta 248 .2 
13 Co-30 at %, Cr-6 at % Cu. 258 3 
14 Ru 250 3 
15 Ru-10 at %. Min 245 3 
16 Ru-4 at % Cr 228 .2 
17 Ru-3 at % Al 235 .2 
18 Ru-5 at % Cu. 249 3 
19 T 240 .1 
2O T-6 at %. Min 238 .4 
Comparison None 210 O 
Sample (Comparison 

reference) 

The magnetic recording medium in this embodiment 
shows greatly improved recording resolution and medium 
S/N compared to the comparison Sample. 
A magnetic Storage device shown in FIG. 4 was fabricated 

using a recording/reproduction head having a high Sensitiv 
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ity reproduction element using the tunnel magneto 
resistance (TMR) effect and a perpendicular magnetic 
recording medium of which a prototype was produced in 
Embodiment 3. This magnetic Storage device is a device 
having a construction known in the art comprising a mag 
netic recording medium 41 rotation driven by a magnetic 
recording medium drive unit 42, a magnetic head 43 which 
performs recording and reproduction on the magnetic 
recording medium 41 when driven by a magnetic head drive 
unit 44, and a signal processor 45 which processes the 
recording Signal and reproduction Signal from the magnetic 
head 43, as shown by the schematic plan view in FIG. 4(a) 
and a section taken through a line AA in FIG. 4(b). 
The track width of the recording head was 0.3 um, the 

track width of the TMR head element for reproduction was 
0.26 um and the spacing between the head and the medium 
was 15 nm. The EEPR4 system was used for signal 
processing, and when the apparatus was operated using a 
surface recording density of 55 Gb/in, an error rate of 10 
or leSS was obtained. 

According to this invention, the resolution of the perpen 
dicular magnetic recording medium can be improved, noise 
can be reduced and a high S/N ratio is obtained, So a high 
density magnetic disk apparatus can be fabricated. In 
particular, high density magnetic recording of 30 Gb/in can 
be performed, So the apparatus can be made compact and 
high capacity. 

DESCRIPTION OF REFERENCE NUMERALS 

11 Substrate, 12 layer for Strengthening adhesion force, 13 
Soft magnetic layer, 14 MgO film, 15 perpendicular mag 
netic layer, 16 protective layer, 21 Substrate, 22 layer for 
Strengthening adhesion force, 23 Soft magnetic layer, 24 
seed film, 25MgO film, 26 perpendicular magnetic layer, 27 
protective layer, 31 Substrate, 32 layer for Strengthening 
adhesion force, 33 hard magnetic layer, 34 Soft magnetic 
layer, 35 seed film, 36 MgO film, 37 film of material having 

Reproduction output S/N of medium 
(relative value) 

O 
(Comparison 
reference 

a hexagonal close-packed Structure, 38 perpendicular mag 
netic layer, 39 protective layer, 41 magnetic recording 
medium, 42 magnetic recording medium drive unit, 43 
magnetic head, 44 magnetic head drive unit, 45 Signal 
processor. 
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What is claimed is: 
1. A perpendicular magnetic recording medium compris 

ing: 
a non-magnetic Substrate, 
a Soft magnetic backlayer formed on the non-magnetic 

Substrate, 
a perpendicular magnetic layer formed above the Soft 

magnetic backlayer, 
a polycrystalline MgO film inserted between the soft 

magnetic backlayer and the perpendicular magnetic 
layer. 

2. A perpendicular magnetic recording medium according 
to claim 1, wherein the polycrystalline MgO film has a 
hexagonal close-packed Structure. 

3. A perpendicular magnetic recording medium according 
to claim 1, wherein the polycrystalline MgO film is oriented 
100). 

( Appendicular magnetic recording medium according 
to claim 1, wherein a distance between a Surface of the Soft 
magnetic backlayer and the perpendicular magnetic layer is 
within 20 nm. 

10 
5. A perpendicular magnetic recording medium according 

to claim 1, 
wherein a non-magnetic layer having a hexagonal close 

packed Structure is provided between the perpendicular 
magnetic layer and the polycrystalline MgO film. 

6. A perpendicular magnetic recording medium according 
to claim 1, 

wherein a non-magnetic layer comprising a material com 
prising Ti, Zr, Hf, Cr, Mo, Nb, V, W, Si, Ge, B, C or 
alloys having these elements as their main component, 
or oxides Selected from the group consisting of SiO, 
Al-O or ZrO2 is provided between the Soft magnetic 
backlayer and the polycrystalline MgO film. 

7. A perpendicular magnetic recording medium according 
to claim 1, wherein a thickness of Said polycrystalline MgO 
film is from mm to less than 13 nm. 

8. A perpendicular magnetic recording medium according 
to claim 1, wherein the perpendicular magnetic layer com 
prises Co alloy. 


